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PREFACE 
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Chemical  Material,  Projectile,  155-mm,  Howitzer,  Incapacitating  Agent  XM723.  The  initial  work  was  started  in 
September  1971  and  was  completed  December  1973.  The  experimental  data  are  contained  in  notebooks  3028, 
3609,  and  8652. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except  with  permission  of  the 
Commander,  Edgewood  Arsenal,  Attn:  SAREA-TS-R.  Aberdeen  Proving  Ground,  Maryland  21010;  however,  DDC 
is  authorized  to  reproduce  the  document  for  United  States  Government  purposes. 

The  information  in  this  document  has  not  been  cleared  for  release  to  the  general  public. 


SUMMARY 


The  object  of  this  investigation  was  to  develop  a rapid-burning  incapacitating  pyrotechnic  mixture 
that  would  satisfy  a 5- to  10-second  emission  time  requirement. 

The  subject  areas  included: 

1.  Burning  characteristics  such  as  emission  time,  yield,  vaporization  efficiency,  and  exhaust  gas 
temperature. 

2.  Sensitivity  such  as  electrostatic,  friction,  impact,  and  temperature. 

3.  Parameters  for  inaeasing  the  burning  rate:  catalysis,  burning  pressure,  particle  size,  pressing 
pressure,  and  stoichiometry. 

The  results  of  this  study  show  that: 

1.  A fast-burning  incapacitating  pyrotechnic  mixture  was  devised  which,  when  loaded  into  the 
73-cc  volume  wedge-shaped  submunition,  satisfies  the  5-  to  10-second  emission  time  requirement.  The  mixture, 
which  must  be  granulated  to  an  average  particle  size  of  2500/i  and  pressed  at  1.61  X 10^  kg/cm^,  has  the  following 
composition: 


Material 

Percent 

EA  3834A 

55 

KCIO3 

25 

EBS 

17 

Nitrocellulose 

3 

2.  The  burning  rate  is  a function  of  stoichiometry,  loading  pressure,  and  particle  size. 

3.  The  mixture  has  a vaporization  efficiency  of  70%. 
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DEVELOPMENT  OF  RAPID-BURNING  INCAPACITATING 
PYROTECHNIC  MIXTURES 


I,  INTRODUCTION. 

Theoretical  considerations  indicate  that  rapid  dissemination  of  inhalation  effective  chemical  agents 
provides  improved  casualty  effects  against  personnel  having  protective  gear  available.  The  concept  being  that 
mean  masking  time  is  15  seconds.  During  that  time,  personnel  exposed  to  the  aerosolized  chemical  agent  could 
breathe  it  and  become  casualties.  After  that  time,  no  additional  agent  exposure  would  be  expected. 

To  illustrate  the  above  concept,  figure  1 is  presented  to  show  the  relationship  of  the  percentage  of 
target  area  covered  with  an  effective  dosage  versus  the  emission  time  per  source  for  a constant  number  of 
sources.  For  this  relationship  the  following  parameters  hold  true: 

Constant  source  of  agent  - 25  grams 
Number  of  agent  sources  • 576 
lCt50  of  agent  - 100  mg  min/m^ 

Masking  time  - 1 5 seconds 

Windspeed  at  neutral  atmospheric  stability  - 5 mph 

Target  area  • 150  square  meters 

Distribution  of  agent  sources  • uniform  random 

The  domain  from  a 10*  to  20-second  emission  time  per  source  represents  conventional  agent 
pyrotechnic  mixture  system.  The  domain  from  a 1-to  10-second  emission  time  per  source  represents  the 
rapid-burning  agent  pyrotechnic  mixture  system.  This  relationship  shows  that  a conventional  pyrotechnic  mixture 
system  covers  17%  to  32%  of  the  target  area  with  an  IC50,  whereas  rapid-burning  agent  pyrotechnic  mixture 
system  covers  from  33%  to  42%  of  the  same  area. 

The  major  objectives  of  this  investigation  were  to  devise  an  efficient,  safe,  fast-burning  (5  to 
10  seconds)  incapacitating  agent  — pyrotechnic  mixture  suitable  for  loading  into  an  optimized  submunition 
sliape,  the  wedge. 

II.  MATERIALS  AND  EQUIPMENT. 

Pyrotechnic  materials  used  in  tliis  study  along  with  their  specifications  are  listed  below: 

Potassium  chlorate,  Grade  B,  Class  V (Specification  Mil-P-150) 

Nitrocellulose,  Technical  (TT-N-3500,  February  1963) 

EA  3834A  (Manufacturing  Technology  Directorate)  Edgewood  Arsenal.  Aberdeen  Proving 
Ground,  MD 

Ethylene  bis  (isothiosemicarbazide)  (EBS)  (Ash  Stephens  Company) 

Test  devices  used  in  this  study  are  shown  in  figure  2.  Volume  and  surface  area  (of  fill)  of  wedge 
submunitions  are  given  below: 

Large  - volume  73  cc,  surface  area  4.74  cm^ 

Medium  - volume  53cc,  surface  area  4.74  cm^ 

Small  - volume  35  cc,  surface  area  4.13  cm^ 
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AREA  COVERAGE  (15  SEC) 


50 


40 
30 
20 

+- 1 1 1 1 1 1 1 1 1 r 

0 2 4 6 8 10  12  14  16  18  20 

EMISSION  TIME  PER  SOURCE  (SEC) 

Figure  1.  Area  Coverage  Versus  Emission  Time  Per  Source  (Seconds) 
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EXHAUST  PORTS 


Figure  2.  Test  Devices 
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in.  EXPERIMENTAL  PROCEDURES  AND  RESULTS. 


A.  Catalysis  Study. 

The  object  of  the  first  study  was  to  determine  the  effect  of  known  catalysts  on  the  burning  rate  and 
functioning  characteristics  of  an  optimized  conventional  agent  pyrotechnic  mixture.^  Each  mixture  formulated 
was  pressed  into  a cylindrical  test  device  with  a conical  frustrum  center  cone  configuration  (,635  cm)  (.794  cm 
diameter)  at  3.7 X 10^  kg/cm^  pressure.  The  test  device  was  6.35  cm  in  length  and  3.175  cm  in  diameter. 

The  burning  characteristics  and  mixture  formulation  are  shown  in  table  1.  The  averages  of  agent  fill 
weight,  yield,  vaporization  efficiency,  and  emission  time  were  evaluated  for  each  of  the  four  catalysts  mixtures 
studied  as  well  for  as  the  reference  conventional  mixture.  A T-test,  at  a signifiance  level  of  0.05,  for  comparing 
group  averages  was  performed  on  the  data.^  The’T-test  indicated  that  the  difference  in  emission  time  was 
significant.  It  also  indicated  that  there  was  no  significant  difference  in  yield  or  vaporization  efficiency. 

The  four  burning  catalysts  lowered  the  emission  time  from  20%  to  30%  without  significant  change  in 

yield. 


B.  Pressure  Study. 

Secondly,  the  effect  of  burning  pressure  on  emission  time  was  observed  by  varying  the  exhaust  port 
diameter  on  the  test  device.  For  this  experiment,  small  wedge-rfiaped  submunitions  with  agent  fill  of  16.5  grams 
were  used.  The  reference  incapacitating  pyrotechnic  mixture  previously  described  was  pressed  at  a pressure  of 
7.6  X lO^kg/cm^.  Figure  3 shows  a plot  of  emission  time  versus  exhaust  port  diameter.  The  relationship  is 
linear;  the  equation  of  the  line  being  y = • .3215  + 2.475X.  Starting  with  an  exhaust  port  diameter  of  .635  cm 
(emission  time  12.5  seconds)  and  decreasing  the  exhaust  port  diameter  to  .437  cm  (7.6  seconds),  the  emission 
time  was  reduced  39.2%.  The  yield  of  agent  (shown  in  grams  at  each  point  in  parentheses)  does  not  show  any 
strong  dependence  on  burning  pressure.  Further  experimentation  with  smaller  exhaust  port  diameter  (less  than 
.437  cm)  resulted  in  rupturing  of  the  test  device  through  development  of  excessive  internal  pressure. 


C.  Stoichiometry  Study. 


Thirdly,  the  emission  time  was  studied  as  a function  of  the  oxidizer  to  fuel  ratio.  For  this  study,  the 
mixtures  were  pressed  at  3.7  X lO^kg/cm^  into  cylindrical  test  devices  6.35  cm  long  and  3.17  cm  in  diameter 
having  a conical  frustrum  center  cone  configuration  of  0.635  to  2.794  cm.  Three  mixtures  were  used  for  this 
study;  the  ozidizer  to  fuel  ratio  varied  from  1/1  to  2.4/1;  the  agent  fill  weight  was  22  grams.  The  mixtures 
contained  the  following  pyrotechnic  ingredients. 


Oxidizer/Fuel  Ratio 


EVrotechnic 

1.1 

1.6 

2, 

ingredient 

90 

90 

90 

KCIO3 

25 

30 

29 

BBS 

25 

20 

12 

EA  3834A 

50 

50 

59 

The  standard  oxidizer  fuel  ratio  1.25:1  determined  the  experimental  area.  The  percent  agent  change  in  the  2.4/1 
oxidizer/fuel  ratio  mixture  was  to  desensitize  the  mixture  for  loading  and  pressing  operations. 

Figure  4 shows  the  linear  relationship,  the  equation  of  the  line  line  being  y = 22.151- 5.081X. 
Varying  the  oxidizer  to  fuel  ratio  from  1/1  to  2.4/1  reduces  the  emission  time  40%,  from  17.3  to  10.1  seconds. 
There  is  no  significant  change  in  yield  of  agent  (in  grams  is  shown  at  each  point)  with  variation  in  oxidizer/fuel 
ratio  over  the  range  of  conditions  studied. 
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Table  1 . Catalysis  Effect 


Catalyst 

Weight  of 
agent  fill 

Vaporization 

efficiency* 

Yield** 

Emission 

time 

gm 

% 

gm 

sec 

Reference  X 

21.2 

72 

15.2 

10.1 

20.2 

70 

14.2 

10.3 

20.2 

73 

14.6 

10.4 

20.5 

74 

15.6 

10.3 

19.8 

71 

14.0 

10.4 

Average 

20.4 

72.0 

14.6 

10.3 

Standard  deviation 

0.52 

1.58 

0.51 

0.12 

Ferric  acetyl  acetonate 

20.9 

69 

14.4 

7.1 

21.1 

68 

14.3 

7.3 

21.1 

72 

15.4 

7.4 

21.2 

72 

15.3 

7.2 

21.1 

67 

14.9 

7.1 

Average 

21.1 

69.6 

14.9 

7.2 

Standard  deviation 

0.1 1 

2.3 

0.5 

0.13 

I^erric  sulfide 

50 

71 

15.0 

8.0 

21.1 

72 

, 15.2 

8.2 

21.1 

71 

15.0 

8.4 

21.2 

77 

16.0 

8.3 

21.2 

70 

14.7 

8.2 

Average 

21.2 

72.2 

15.2 

8.2 

Standard  deviation 

.05 

2.77 

0.49 

0.15 

Ferric  oxide 

21.1 

66 

13.9 

7.1 

21.2 

68 

14.4 

7.3 

21.7 

67 

14.6 

7.4 

21.2 

70 

14.7 

7.2 

21.2 

68 

14.3 

7.1 

Average 

21.3 

67.8 

14.3 

7.2 

Standard  deviation 

0.24 

1.48 

0.31 

Qri3__ 

Cupric  chloride 

21.6 

67 

14.6 

7.0 

21.6 

71* 

15.3 

7.3 

21.0 

73 

15.3 

7.2 

21.2 

72 

15.0 

7.1 

21.1 

70 

14.7 

7.4 

Average 

21.3 

70.6 

15.98 

7.2 

Standard  deviation 

0.28 

2.30 

0.33 

0.16 

Pyrotechnic  ingredients 

Weight  Percent 

Modified  Reference 

BBS 

19 

20 

KCIO3 

24 

25 

EA  3834A 

55 

55 

Catalyst 

2 

0 

•Vaporization  efficiency « 


Weight  agent  aerosolized 


Weight  agent  contained  ^ 
••Yield  = Weight  agent  aerosolized 


8 


EMISSION  TIME  (SEC) 


13 


4.37  4.65  5.21  5.79  6.35 

EXHAUST  PORT  DIAMETER  x lO"'*  (CM) 


Figure  3.  Emission  Time  Versus  Exhaust  Port  Diameter 
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D.  Particle  Size  Study. 


The  object  of  the  next  study  was  to  determine  the  effect  of  mixture  particle  size  on  emission  time. 

Three  mixtures  were  used  for  this  experiment;  and  their  average  granular  sizes  were  44jLi,  250/i,  and  2500^ 

respectively.  The  44/i  mixture  is  the  reference  powder  mixture.  Larger  size  mixture  particles  (250^*  and  2500/i) 
were  obtained  by  granulating  the  reference  mixture  with  nitrocellulose  (NC)  binder  (parts  by  weight:  55, 
EA  3834A;  17,  EBS;  3 nitroceUulose;  25,  KCIO3). 

Small  wedge-shaped  submunitions  were  used  as  test  devices. 

The  mixture  was  pressed  with  a conical  frustrum  center  cone  configuration  (1.27  to  1.40  cm)  at  a 

pressure  1.13  X 10^  kg/cm^.  Figure  5 shows  a plot  of  emission  time  versus  particle  size.  The  relationship  is 

exponential;  with  the  equation  of  the  line  being  y = 19.587X  - 0.173.  Varying  the  particle  size  from  44/i  to  2500/i 
decreases  the  emission  time  by  50%,  from  10  to  5 seconds. 

The  agent  fill  weight  used  for  these  experiments  was  24.8  grams,  and  the  yield  of  the  agent  is  shown 
at  each  point  in  parenthesis.  There  is  no  significant  change  in  yield  with  variation  in  particle  size. 

E.  Consolidation  Pressure  Study. 

The  effect  of  consolidation  load  pressure  on  emission  time  was  determined.  The  granulated 
incapacitating  agent  mixture  (previously  described)  was  pressed  into  large  wedge-shaped  submunitions  at  a 
pressure  of  3.9  X 10^  kg/cm^.  The  mixture  was  pressed  with  a conical  frustrum  center  cone  configuration  (cone 
diameter  1.27  to  1.40  cm).  Figure  6 shows  a plot  of  emission  time  versus  consolidation  pressure.  The  plot 
indicates  a change  of  80%  in  the  emission  time,  from  10.3  to  2 seconds.  But,  the  yield  of  agent  decreased  60%, 
from  20.5  grams  at  a pressure  of  3.9  X 10^  kg/cm^  to  8 grams  at  zero  loading  pressure. 

The  yield  of  agent  in  grams  is  shown  at  each  point.  This  significant  decrease  in  yield  at  lower  loading 
pressure  is  due  to  both  a lower  loading  efficiency  and  a lessened  vaporization  efficiency. 

F.  Fill  Weight  Study. 

The  object  of  the  next  experiments  was  to  evaluate  the  response  variables  (emission  time,  yield,  and 
load  force)  as  a function  of  the  control  variable  fill  weight.  These  series  of  experiments  would  aid  processors  who 
prefer  to  press  to  a stop  instead  of  a set  pressure.  For  such  a procedure,  fill  weight  becomes  the  control  variable. 

For  this  experiment,  40  large  wedge-shaped  submunitions  were  pressed  to  a stop  (.3175  cm  from  the 
top  surface  of  the  wedge)  in  one  and  two  increments.  The  mixture  was  pressed  with  a conical  frustrum  center 
core  configuration  (1.27  to  1.40  cm);  it  consisted  of  the  previously  described  granulated  pyrotechnic  ingredients. 
The  data  from  these  tests  are  shown  in  tables  2 through  4 and  figures  7 through  10.  From  the  tabular  and 
graphical  data  presented,  the  following  conclusions  can  be  deduced. 

1 . There  is  a linear  relationship  between  fill  weight  and  emission  time  for  one-  and  two-increment 

loadings. 


a.  For  one-  and  two-increment  loadings,  there  is  a 99%  confidence  that  a linear  relationship 
exists  between  emission  time  and  fill  weight. 

b.  The  standard  deviation  of  emission  time  for  one  increment  loading  at  any  given  fill 
weight  is  1.65  seconds. 
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EMISSION  TIME  (SEC) 


Figiire  5.  Emission  Time  Versus  Particle  Size 


Figure  6.  Emission  Time  Versus  Loading  Pressure 
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Table  2.  Fill  Weight  Versus  Response  Variables 


Unit  No. 

Number  of 
increments 

Pressure 

Fill 

weight 

Emission 

time 

Yield 

Vaporization 

efficiency 

kg/cm^ 

gm 

sec 

gm 

% 

511 

1 

9.7  X 1q2 

62 

5.9 

23.4 

512 

1 

9.6 

62.5 

5.6 

Flamed 

Flamed 

513 

1 

9.6 

61.5 

4.8 

25.9 

73 

514 

1 

12.6 

61.7 

4.8 

25.0 

70 

515 

1 

12.6 

62.1 

4.4 

24.9 

68 

521 

2 

13.0 

64.1 

6.1 

23.4 

67 

522 

2 

13.0 

64.3 

7.3 

Flamed 

Flamed 

523 

2 

12.2 

64.9 

9.2 

25.9 

73 

524 

2 

13.0 

64.6 

8.3 

25.0 

70 

525 

2 

13.0 

65.7 

8.9 

24.9 

68 

Average 

1 

10.8  X 10^ 

61.9 

5.1 

23.1 

68 

Average 

2 

12.8  X 10^ 

64.7 

8.0 

24.8 

70 

Standard  deviation 

1 

1.6  X 102 
3.5  X 10* 

0.39 

0.624 

0.987 

2.645 

Standard  deviation 

2 

0.38 

1.262 

1.036 

2.870 

Table  3.  Fill  Weight  Versus  Response  Variables 


Unit  No. 

Number  of 
increments 

Pressure 

FiU 

weight 

Emission 

time 

Yield 

Vaporization 

efficiency 

kg/cm^ 

gm 

sec 

gm 

% 

1011 

1 

32.6  X 102 

69.4 

10.0 

26.0 

68 

1012 

1 

32.6 

73.0 

9.4 

28.1 

70 

1013 

1 

32.6 

66.0 

11.1 

28.1 

77 

1014 

1 

29.3 

67.7 

8.1 

25.6 

69 

1015 

1 

29.3 

70.0 

11.0 

27.2 

71 

1021 

2 

28.5 

72.9 

12.5 

30.5 

76 

1022 

2 

28.5 

73.2 

12.0 

31.7 

79 

1023 

2 

30.0 

73.6 

11.5 

28.3 

70 

1024 

2 

31.4 

73.0 

10.6 

25.2 

63 

1025 

2 

30.1 

74.0 

13.0 

31.2 

77 

Average 

1 

31.3  X 102 

69.2 

9.92 

27.0 

71 

Average 

2 

29.7  X 102 

73.3 

11.9 

29.4 

73 

Standard  deviation 

1 

3.128  X 102 

2.63 

1.239 

1.164 

3.535 

Standard  deviation 

2 

1.09  X 102 

0.46 

0.926 

2.654 

6.519 
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Table  4.  Fill  Weight  Versus  Response  Variables 


Unit  No. 

Number  of 
increments 

Pressure 

FUl 

weight 

Emission 

time 

Yield 

Vaporization 

kg/cm^ 

gm 

sec 

gm 

% 

1511 

1 

47.3  X I02 

71.1 

11.1 

Flamed 

Flamed 

1512 

1 

52.2 

77.7 

10.4 

27.6 

65 

1513 

1 

57.0 

72.2 

13.0 

303 

77 

1514 

1 

48.9 

71.8 

9.6 

Flamed 

Flamed 

1515 

1 

53.0 

69.5 

133 

28.6 

77 

1521 

2 

48.9 

78.9 

12.5 

33.9 

78 

1522 

2 

47J 

76.4 

12.1 

30.0 

72 

1523 

2 

46.5 

763 

12.5 

31.4 

75 

1524 

2 

46.4 

76.6 

11.7 

30.7 

73 

1525 

2 

39.9 

76.1 

12.0 

31.9 

76 

Average 

1 

51.6  X 102 

723 

11.5 

29.0 

73 

Average 

2 

45.8  X 102 

76.9 

12.2 

31,6 

75 

Standard  deviation 

1 

3.8  X 102 

3.11 

1.617 

1.637 

6.928 

Standard  deviation 

2 

3.4  X 102 

1.15 

03435 

1.482 

2.387 

Figure  7.  Emission  Time  Versus  Fill  Weight  (gm)  Two  Increments 
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FILL  WEIGHT  (gm) 


Figure  8.  Emission  Time  Versus  Fill  Weight  (gm)  One  Increment 


Figure  10.  Pressure  Versus  Fill  Weight  (gm) 

c.  From  the  equation  of  the  line  for  this  relationdiip  (one  increment  loading),  a fill  weight 
of  58.0  grams  would  generate  an  emission  time  of  S-  to  10-seconds  (7.S-second  average). 

d.  The  95%  limit  for  emission  time  (one  increment)  is  ±3.3  seconds;  i.e.,  future  observations 
are  expected  between  these  lines  (figure  7)  95%  of  the  time. 

e.  The  standard  deviation  of  emission  time  for  two  increment  loadings  at  any  given  fil] 
weight  is  2.4  seconds. 

f.  From  the  equation  of  the  line  of  this  relation^p  (two  increment  loadings),  a fill  weight 
of  62.4  grams  would  generate  an  emission 'time  of  7.5  seconds  (average  between  5-  and  10-seconds). 

g.  The  95%  limit  for  emission  time  (two  increment  loadings)  is  ±5.1  seconds,  i.e.,  future 
observations  are  expected  to  fall  between  lines  shown  on  figure  8,  95%  of  the  time. 

h.  The  rate  at  which  EA  3834A  is  generated  from  the  granulated  incapacitating  mixture  is 
greater  at  Sorter  emission  times  than  at  longer  emission  times. 

2.  There  is  a 99.9%  confidence  that  a linear  relationship  exists  between  load  force  and  fill  weight 
for  one  increment  loadings. 

3.  The  standard  deviation  of  loading  pressure  at  any  given  fill  weight  is  estimated  to  be  4.6  X 10^ 
kg/cm^  for  one  increment  loadings. 

4.  The  95%  limits  for  pressure  are  ±9.7  X lO^  kg/cm^;  i.e.,  future  observation  are  expected  to  fall 
between  the  lines  shown  on  figure  9,  95%  of  the  tinw. 
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5.  There  is  a 98%  confidence  that  a relationship  exists  between  loading  pressure  and  fill  weight  at 
two  increment  loadings.  The  standard  deviation  of  the  loading  pressure  at  two  increments  at  any  given  fill  weight 
is  7.6  X 10^  kg/cm^.  The  95%  limits  for  loading  pressure  as  shown  in  figure  10  are  ±1.6  X 10^  kg/cm^. 

G.  Match  Variability  Study. 

A batch  experiment  was  conducted  to  estimate  the  variation  to  be  expected  in  average  emission  time 
and  yield  between  batches  of  the  EA  3834A  intimate  pyrotechnic  mixture.  Four  batches  of  EA  3834A 
granulated  mixture  (parts  by  weight  of  ingredients:  25  KCIO3;  17  EBS;  3 NC;  and  55  EA  3834A)  were  prepared 
and  pressed  into  20  medium  wedge-shaped  submunitions.  The  mixture  was  pressed  in  two  increments  at  a loading 
pressure  of  3.1  X 10^  kg/cm^  per  increment.  The  average  mixture  fill  weight  in  each  test  device  was  53  grams. 
Data  from  this  experiment  are  shown  in  table  5. 

By  applying  a T-test  at  a significant  level  of  0.05,  it  was  determined  that  there  was  no  significant 
difference  of  emission  times  and  yields  between  batches  of  mixtures. 

H.  Burning  Temperature  and  Pressure  Study. 

The  physical  properties  of  exhaust  gas  temperature  and  burning  pressure  of  the  EA  3 834 A intimate 
pyrotechnic  granulated  mixture  were  measured  using  a chromel  alumel  thermocouple  and  a Stratham  pressure 
transducer.  Ten  wedge-shaped  submunitions  (volume  73  cc)  were  used  as  test  devices  for  the  exhaust  gas 
temperature  measurements.  Pressure  measurements  were  made  in  wedge-shaped  test  devices  (volume  53  cc). 

Tables  6 and  7 show  the  results  of  these  tests.  The  average  exhaust  gas  temperature  of  the  mixture  as 
shown  in  table  6 was  398°C  ±34.5;  the  average  burning  pressure  was  5.126  X 10*^  kg/cm^. 

I.  Sensitivity  Study. 

The  rapid-burning  EA  3834A  pyrotechnic  mixture  sensitivity  to  impact,  friction,  and  electrostatic 
charge  was  determined  using  standard  methods  and  standard  techniques-  Results  of  sensitivity  tests  (shown  in 
tabulation,  below)  are  not  considered  to  demonstrate  any  unusual  hazard. 


Sensitivity  of  EA  3834A  Pyrotechnic  Mix 


Ignition 

50%  Probability  of 

Static  spark** 

Friction  sensitivity 

temperature 

ignition  on  impact* 

(DuPont  method) 

“C 

cm 

joules 

Method 

193.1  ±9.64 

Bruceton  334 
Max  283 

.095 

8/20 

* 10  kg  drop  weight. 

•♦Minimum  energy  at  which  ignition  occurs. 


J.  Position  Experiment  Study. 

An  experiment  was  performed  to  study  the  burning  characteristics  of  nine  wedge-shaped 
submunitions  functioned  on  the  chamber  floor.  The  wedges  were  placed  with  one  exhaust  port  facing  the  floor 
to  simulate  a possible  functioning  position  of  the  submunition  which  might  interfere  with  satisfactory  operation. 
In  order  to  compare  the  burning  characteristics  of  these  with  submunitions  functioned  from  the  normal  clamped 
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Table  5.  Batch  Experiment 


Batch 

Unit  No. 

Emission 

time 

Yield 

Vaporization 

efficiency 

sec 

gm 

% 

B 

1 

9.5 

17.9 

62 

B 

2 

10.5 

22.8 

76 

B 

3 

8.5 

21.6 

71 

B 

4 

10.0 

173 

61 

B 

5 

10.5 

21.6 

72 

Average 

9.80 

20.4 

68.4 

Variance 

0.700 

6.093 

4330 

Standard  deviation 

0.836 

2.468 

6.580 

c 

1 

12.5 

20.8 

69.0 

c 

2 

12.5 

18.0 

60.0 

c 

3 

8.0 

19.2 

67.0 

c 

4 

7.5 

17.7 

60.0 

c 

5 

7.0 

16.0 

55.0 

Average 

9.50 

18.3 

62.0 

Variance 

7.625 

3.198 

32.7 

Standard  deviation 

2.761 

1.788 

5.718 

D 

1 

7.5 

173 

58 

D 

3 

9.5 

22.2 

73 

D 

4 

11.0 

21.2 

70 

D 

5 

10.0 

22.5 

75 

Average 

9.50 

20.8 

69 

Variance 

2.166 

5.753 

58.00 

Standard  deviation 

1.472 

2.398 

7.615 

E 

1 

10.0 

18.1 

65 

E 

2 

8.0 

19.4 

65 

E 

3 

9.0 

18.8 

64 

E 

4 

8.0 

20.1 

67 

E 

5 

10.5 

16.0 

55 

Average 

9.10 

18.5 

63.2 

Variance 

UOO 

2.467 

22.2 

Standard  deviation 

1.140 

1.571 

4.711 
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Table  6.  Exhaust  Gas  Temperature 


Unit  No. 

Mixture 
fiU  weight 

Pressure 

Emission 

time 

Rate* 

Temperature** 

gm 

kg/cm^ 

sec 

oc 

lA 

68.4 

1.74  X 1Q3 

13 

7.2 

400 

2A 

69.6 

1.82  X 1Q3 

8.0 

7.0 

380 

3A 

693 

1.78  X 103 

8.0 

6.9 

400 

4A 

69.2 

1.63  X 1Q3 

8.0 

7.0 

330 

5A 

69.6 

1.82  X 1Q3 

7.8 

7.1 

450 

6A 

69.5 

1.67  X 1(P 

13 

6.4 

390 

7A 

69.7 

1.94  X 10^ 

8.8 

6.4 

400 

8A 

69.2 

1.89X  kP 

9.0 

6.1 

380 

9A 

69.4 

1.89  X 1()3 

8.0 

7.1 

450 

lOA 

69.4 

1.82  X 10^ 

8.5 

6.6 

400 

Average 

69.35 

1.80  X 10^ 

8.11 

6.78 

398 

Standard  deviation 

0.372 

98.21 

0.507 

0377 

34.5 

* Rate  of  weight  loss  - mixture. 
♦♦Exhaust  gas  temperature. 


Table  7.  Exhaust  Burning  Pressure 


Unit  No. 

Maximum  pressure* 

Emission  time 

kg/cm^ 

sec 

2 

6.34  X 10-2 

10.0 

3 

5.85  X 10-2 

10.6 

4 

4.09  X 10-2 

10.6 

5 

4.79  X 10-2 

13.0 

Average 

5.268  X 10-2 

11.05 

Standard  deviation 

1.017  X 10-2 

133 

♦Exliaust  port  diameter,  0.9525  cm 
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position  (about  1 5 cm  from  the  floor),  nine  controls  were  Included  in  the  study.  All  submunitions  used  in  this 
experiments  were  filled  with  53  grams  of  the  fast-burning  agent  pyrotechnic  mixture  at  a loading  pressure  of 
3.1  X 10^  kg/cm^  dead  load.  Both  exhaust  ports  were  .953  cm  in  diameter.  The  results  of  these  tests  arc  shown 
in  table  8. 


Tabic  8.  Functioning  Position  Effect 


Unit  No. 

Functioning 

position 

Time 

Yield 

Vaporization 

efficiency 

sec 

gm 

% 

1 

Clamped 

8.0 

14.9 

58 

2 

9.0 

17.7 

64 

3 

10.0 

16.5 

57 

4 

9.5 

18.7 

62 

5 

8.0 

18.7 

61 

6 

10.0 

18.9 

63 

7 

10.0 

18.0 

62 

8 

8.0 

18.2 

64 

9 

8.0 

183 

63 

Average 

8.9 

17.8 

62 

Standard  deviation 

0.9502 

1.2932 

2.5056 

1 

Floor 

8.0 

18.9 

64 

2 

9.0 

16.2 

54 

3 

9.0 

14.8 

51 

4 

9.0 

16.0 

54 

5 

10.0 

18.9 

64 

6 

9.0 

14.5 

50 

7 

8.0 

15.8 

55 

8 

8.0 

15.4 

53 

9 

8.0 

14.6 

50 

Average 

8.6 

16.1 

55 

Standard  deviation 

0.7017 

1.6872 

5.4083 

A T-test  at  a significant  level  of  0.05  was  performed  on  the  data  in  table  8.  The  results  of  the  T-test 
indicated  the  following: 

1 . The  average  yield  and  vaporization  efficiency  of  the  mixture  in  the  submunitions  functioned  on 
the  chamber  floor  were  less  than  those  functioned  from  submunitions  in  the  clamped  position. 

2.  The  average  emission  time  of  the  mixtures  in  submunitions  functioned  on  the  chamber  floor 
was  found  to  be  less  than  the  mixture  functioned  from  submunitions  in  the  clamped  position.  However,  all 
differences  were  small  and  did  not  significantly  change  the  overall  munition  efficiency. 
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K.  Open^Flame  Test. 


The  object  of  the  following  experiment  was  to  determine  the  amount  of  EA  3834A  aerosol  cloud 
destroyed  by  a propane  flame.  This  experiment  was  designed  to  simulate  conditions  under  which  the  test  device 
would  prematurely  function  due  to  exposure  to  a fire. 

For  these  experiments,  cylindrical  test  devices  (8.89  X 3,81  cm  diameter)  were  used. 

The  granulated  mixture  was  loaded  into  the  test  devices  in  one  increment  at  2 X 10*^  kg/m^. 

Experimental  procedures  consisted  of  placing  a propane  flame  near  the  exhaust  port  of  the  test 
device  and  igniting  the  agent  pyromixturc  remotely.  The  resultant  agent  aerosol  cloud  was  collected  on  filter 
samplers  for  chemical  analysis.  To  evaluate  the  amount  of  agent  destroyed,  test  devices  were  also  functioned 
without  the  presence  of  the  propane  flame. 

The  results  of  the  open-flame  tests  are  shown  in  table  9.  Unit  numbers  1 through  5 represent  the 
control  devices;  unit  numbers  8 through  1 1 represent  tlie  test  devices.  A T-test  for  comparing  the  difference  at  a 
0.05  level  of  significance  indicated  that  a difference  exists  between  the  emission  times  of  agent  generated  from 
the  control  devices  and  the  agent  generated  from  test  devices.  The  reason  for  this  acceleration  is  considered  to  be 
the  heating  of  the  test  device  by  the  open  flame.  Heated  pyrotechnic  mixtures  are  known  to  function  faster. 


Table  9.  Open-Flame  Test 


Unit  No. 

Weight  of 
agent  nil 

Emission 

time 

Yield 

Vaporization 

efficiency 

gm 

gm 

sec 

gm 

% 

Control  devices 

1 

27 

6.8 

20.3 

76 

3 

263 

6.2 

17.8 

68 

4 

263 

6.8 

22.1 

85 

5 

27.0 

6.5 

23.8 

90 

Average 

26.65 

6.58 

21.00 

79.75 

Standard  deviation 

0.4041 

0.2872 

2.56 

9.74 

Variance 

0.1633 

0.025  • 

6.59 

94.92 

Test  devices 

8 

26.7 

6.3 

0.5 

2 

9 

26.6 

6.2 

0.5 

2 

10 

26.5 

6.1 

0.5 

2 

11 

26.7 

5.8 

1.1 

4 

Average 

26.55 

6.10 

0.6500 

2.50 

Standard  deviation 

0.1288 

0.2158 

03000 

1.00 

Variance 

0.0166 

0.0466 

0.0900 

1.00 

During  exposure  to  the  flame,  97%  of  the  agent  aerosol  cloud  is  decomposed. 


The  above  data  analysis  indicate  that  if  the  XM  723  submunitions  were  part  of  a catastrophe  in 
which  a fire  results,  the  yield  of  agent  would  be  reduced  97%. 
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L.  Computer  Prediction  of  Exhaust  Products. 

Also,  a computer  program  was  used  to  predict  the  combustion  products  from  the  reaction  of  KCIO3 
and  EBS.  The  same  thermodynamic  measurements  and  faction  ratios  of  these  constituents  that  describe  the 
rapid-burning  mixture  were  programmed  into  the  computer  with  following  data  input  and  combustion  product 
output: 

Input  Data 

Pressure  of  burning  gas  Temperature  of  burning  gas 

1 A+M.  700^K 

Ratio  of  oxidizer/fuel 
1.4706 

Output  Data 

Product 

N2 

KCI  (S) 

HflS 

CO2 

H2O 

( (S)) 

H 

M.  Optimum  Mixture. 

From  the  prior  experimental  procedures  and  results,  a rapid-burning  incapacitating  pyrotechnic 
mixture  has  been  devised.  This  mixture,  when  loaded  into  the  large  wedge-shaped  submunition,  satisfies  the  5-  to 
10-second  emission  time  requirement  and  presents  no  unusual  hazard  in  laboratory  preparation.  The  mixture  has 
the  following  composition: 

Components  Percent 

EA  3834A  55 

KCIO3  25 

EBS  17 

Nitrocellulose  3 

and  must  be  granulated  to  an  average  particle  size  of  2500^  and  pressed  at  an  average  pressure  of 
1.61  X 10^  kg/cm2. 

The  emission  rate  of  the  mixture  is  a function  of  stoichiometry,  loading  pressure,  and  particle  size. 

The  loading  pressure  for  the  mixture  is  a function  of  the  theoretically  calculated  setback  forces, 
associated  with  ejecting  the  wedge-shaped  submunitions  from  the  XM  723  projectile. 

The  functioning  characteristics  of  the  optimized  mixture  in  the  large  wedge-shaped  submunition  is 
shown  in  table  10. 


Mole  fraction 

0.205 1 
0.17101 
0.1363 
0.1714 
0.1629 
.0654 
.0508 
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Table  10.  Functioning  Characteristics  of  Optimized  Mixture 


Unit  No. 

Weight  of 
agent  flll 

Pressure 

Emission 

time 

Yield 

Vaporization 

efficiency 

gm 

kg/cm^ 

sec 

gm 

lA 

38.1 

1.6  X 103 

8.8 

25.2 

67 

2A 

28.2 

13  X 103 

8.8 

27.8 

74 

3A 

39.1 

1.8  X 103 

8.8 

24.8 

64 

4A 

38.9 

1.8  X ICP 

8.8 

24.8 

65 

5A 

38.9 

1.9  X ICP 

8.8 

28.1 

73 

6A 

38.9 

1.9  X 103 

9.3 

28.8 

75 

7A 

38.9 

1.8  X 1(P 

9.4 

26.5 

69 

8A 

38.8 

1.8  X kP 

9.0 

28.0 

73 

9A 

39.7 

2.0  X 1(P 

10.7 

28.9 

74 

Average 

38.8 

1.6  X 1()3 

9.16 

26.9 

70 

Standard  deviation 

0.472 

5.9  X 102 

±0.625 

1.69 

4.25 

IV.  CONCLUSIONS. 

1.  A rapid-burning  incapacitating  pyrotechnic  mixture  has  been  devised  which,  when  loaded  into 
the  73  cc  wedge-shaped  submunition,  satisfies  the  5-  to  10-second  emission  time  requirement.  The  mixture,  its 
composition  listed  below,  must  be  granulated  to  an  average  particle  size  of  2500/i  and  pressed  at  1.61  X 10^ 
kg/cm^. 

Mixture  Percent 


EA  3834A 

55 

KCIO3 

25 

EBS 

17 

Nitrocellulose 

3 

2.  The  burning  rate  is  a function  of  stoichiometry,  loading  pressure,  and  particle  size. 

3.  The  optimum  mixture  has  a vaporization  efficiency  of  70%. 
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HQDA  (DAMO-ODC)  1 

WASH  DC  20310 

Commander-In-Chief 
US  Army  Europe  & 7A 

Attn;  AEAGC-CNS  1 

APO  New  York  09403 

• 

Chief,  Office  of  Research, 

Development  & Acquisition 
Attn:  DAMA-CSM-CM  1 

Attn:  DAMA-ARZ-D  1 

Washington , DC  20310 

HODA  (DARD-ARL)  1 

WASH  DC  20310 

HQDA  (DARD-DDM)  1 

WASH  DC  20310 

US  Array  Standardization  Group.  Canada 
National  Defense  Headquarters  1 


Ottawa,  Ontario,  Canada  K1A-OK2 


DIRECTOR  OF  MANUFACTURING  TECHNOLOGY 


Attn;  SAREA-MT-CT  1 

Attn;  SAREA-MT-DP  1 

DIRECTOR  OF  PRODUCT  ASSURANCE 

Attn;  SAREA-PA-P  1 

Attn:  SAREA-PA-A  1 

DIRECTOR  OF  TECHNICAL  SUPPORT 

Attn;  SAREA-TS-R  2 

Attn;  SAREA-TS-L  3 

Attn:  SAREA-TS-E  1 


DEPARTMENT  OF  DEFENSE 
Administrator 

Defense  Documentation  Center 

Attn;  Accessions  Division  12 

Cameron  Station 
Alexandria,  VA  22314 

Director 

Defease  Intelligence  Agency 

Attn:  DIR-4G1  1 

Washington,  DC  20301 


US  Army  Standardization  Group  (UK) 

Attn;  OCRDA  (DAMA-PPI)  1 

Box  65,  FPO  New  York  09510 

OFFICE  OF  THE  SURGEON  GENERAL 

HQDA  (SGRD-EDE) 

Attn:  LTC  Charles  Dettor  1 

WASH  DC  20314 

US  ARMY  HEALTH  SERVICE  COMMAND 
Commander 

US  Army  Environmental  Hygiene  Agency 
Attn;  USAEHA-AL, 

Librarian,  Bldg  2100  1 

APG-Edpewood  Area 

Commander 

US  Army  Institute  of  Surgical  Research 
Brooke  Array  Medical  Center  1 

Fort  Sam  Houston,  TX  78234 
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Superintendent 

Academy  of  Health  Sciences 

US  Army 

Attn;  HSA-CDC  1 

Attn;  HSA-RHE  1 

Fort  Sam  Houston,  TX  7b23A 

US  ARMY  MATERIEL  COMMAND 

Commander 

US  Army  Materiel  Command 

Attn;  AMCSF-C  1 

Attn;  AMCRD-WB  1 

5001  Elsenhower  Ave 
Alexandria.  VA  22333 

Commander 

US  Army  Foreign  Science  & Technology 
Center 

Attn;  A1DCST-IS1  1 

220  Seventh  St. , NE 
Charlottesville  VA  229U1 

Commander  1 

USAMC  STIT-EUR 

APO  New  York  09710 

Redstone  Scientific  Information  Center 
Attn:  Chief  Documents  2 

US  Army  Missile  Command 
Redstone  Arsenal,  AL  35809 

Commander  1 

US  Army  Science  & Technology 
Center- Far  East  Office 
APO  San  Francisco  96328 

AMC  Program  Manager  for  Demilitarization 
of  Chemical  Material 
Attn;  AMXDC  1 

APC-Edpex^ood  Area 

US  ARMY  ARMAMENT  COMMAND 

Commander 

US  Army  Armament  Command 


Attn:  AMS AR- ASH  1 
Attn;  AMSAR-PPI  1 
Attn:  AMSAR-RDT  1 
Attn:  AMSAR-ASF  1 


Rock  Island,  IL  61201 


Names  Copies 

Commander 

Rocky  Mountain  Arsenal 

Attn;  SARRM-MD  1 

Denver,  CO  80240 

Commander 

Pine  Bluff  Arsenal 

Attn;  SARI‘B-ETA  1 

Pine  Bluff,  AR  71601 

Commander 
Frankford  Arsenal 

Attn:  Library  Branch,  TSP-L  1 

Bldg  51-2 

Philadelphia,  PA  19137 

US  ARMY  TRAINING  & DOCTRINE  COMMAND 

Commandant 

US  Army  Infantry  School 

Brigade  & Battalion  Operations  Department 
Combat  Support  Group 

Attn;  NBC  Committee  1 

Fort  Benning . GA  31905 

Commandant 

US  Array  Missile  & Munitions  Center  & 
School 

Attn;  ATSK-CTD-FM  1 

Attn;  ATSK-TEB-E  1 

Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Armor  School 

Attn:  ATSB-CD-MS  1 

Fort  Knox.  KY  40121 

Commandant 

US  Army  Intelligence  Center  & School 
Attn:  ATSI-CTD  1 

Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Military  Police  Schools 

Attn:  ATSI-CTD-MS-C  1 

Fort  Benning,  GA  31905 

Commandant 

US  Array  Ordnance  Center  & School 

Attn;  ATSL-CTD-MS-C  1 

APG- Aberdeen  Area 
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US  ARMY  TEST  & EVALUATION  C»MMAND 

Record  Copy 
CDR,  ARC. 

Attn:  STEAP-AD-R/RHA  1 

.\PG-EdRewood  Area,  Bldg  E5179 

CDR,  APC. 

Attn:  STEAP-TL  1 

APC- Aberdeen  Area 

Commander 

US  Army  Test  & Evaluation  Command 

Attn:  AMSTE-NB  1 

APC-Aberdeen  Area 

Commander 

Uugway  Proving  Ground 

Attn:  STEDP-PC  1 

Du  gw  ay , UT  8A022 

President 

US  Army  Infantry  Board 

Attn:  ATZB-IB-MI  1 

Fort  Banning.  GA  31905 

DEPARTMENT  OF  THE  NAVY 

Commander 

US  Naval  Ordnance  Laboratory 

Attn:  OP-324  1 

Washington,  DC  20350 

Commander 

Naval  Ordnance  Systems  Command 

Attn:  ORD-03D  ^ 

Washington,  DC  20360 

Commander 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 

Attn:  GFC  1 

Dahlgren,  VA  22448 

Commander  1 

Naval  Weapons  Training  Group-Atlantlc 
Attn:  Nuclear  Warfare  Department 

Norfolk,  VA  23511 


Names  Copies 

Chief,  Bureau  of  Medicine  & Surgery 
Department  of  the  Navy 

Attn:  CODE  553-1  1 

Washington,  DC  20372 

Commander 

Naval  Air  Systems  Command 

Attn;  Code  AIR-350E  1 

Attn:  Code  AIR-53231B  1 

Washington,  DC  20361 

US  MARINE  CORPS 

Director,  Development  Center 
Marine  Corps  Development  & ^ 

Education  Command 
Attn:  Ground  Operations  Division 

Quantlco,  VA  22134 

DEPARTMENT  OF  THE  AIR  FORCE 

Air  University  Library 

Attn;  AUL/LSE-8879  1 

Maxwell  AFB,  AL  36112 

HQ  Foreign  Technology  Division  (AFSC) 
Attn;  PDTR-3  1 

Wright-Patterson  AFB,  OH  45433 

AFSC/IGS  1 

Andrews  AFB,  DC  20334 

Director 

Air  Force  Inspection  and  Safety  Center 
Attn:  IGD(AFISC/SEV)  1 

Norton  AFB,  CA  92409 

OUTSIDE  AGENCIES 
Director 

Central  Intelligence  Agency 

Attn:  ORD/DD/S&T  1 

Washington,  DC  20505 

Bat telle,  Columbus  Laboratories 

Attn:  TACTEC  1 

505  King  Avenue 
Columbus,  OH  43201 

Director  of  Toxicology 
National  Research  Council  1 

2101  Constitution  Ave,  NW 
Washington,  DC  20418 
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